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Abstract Ext4 file system is widely used in various computing environments such as those of the
PC, the server, and the Linux-based embedded system. Ext4, which uses a buffer for block I/O,
provides fsync() system call to applications to guarantee the consistency of a specific file. A log of
the analytical studies regarding the operation of Ext4 and the improvement of its performance has been
compiled, but it has not been studied in detail in terms of kernel versions. We figure out that the
behavior of fsync() system call is different depending on the kernel version. Between the kernel
versions of 3.4.0 and 4.7.2, 3.4.0, 3.8.0, and 4.6.2 showed behavioral differences regarding the fsync()
system call. The latency of fsync() in kernel 3.4.0 is longer than that of the more-advanced 3.7.10;
meanwhile, the characteristics of 3.8.0 enabled the disruption of the Ext4 journaling order, but the
ordered defect was solved with 4.6.2.
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Write
Operation Allocating write() | Non-allocating write()
write(f_1.txt) | {} {11}

write(f_2.txt) | {} {4, 12}

{l 1 13}

{1, 1 13, 1g}
{li, 1o 13, 1 15}

(I T2 130 1as 1s, lg}

write(f_3.txt) | {}
write(f_4.txt) | {}
write(f_5.txt) | {}
write(f_6.txt) | {}
write(f_7.txt) | {} {l 1 13, L 1s, e, 17}

write(f_8.txt) | {} {l 12 13 Lo 1s, 1o, 17, g}

write(f_9.txt) | {} {h Lo 1 g 1s, le, 17, g, Do}
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Fig. 3 Transaction’s inode list(3.4.0 version)
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Write Running Transaction’s inode list
Operation Allocating write() Non-allocating write()
write(f_1.txt) | {} {}
write(f_2.txt) | {} {}
write(f_3.txt) | {} {3
write(f_4.txt) | {} {}
write(f_5.txt) | {} {}
write(f_6.txt) | {} {
write(f_7.txt) | {} {}
write(f_8.txt) | {} {}
write(f_9.txt) | {} {}

a8 4 ERAAL] olo]t B AE(3.80, 46,2 HA)
Fig. 4 Transaction’s inode list(3.8.0, 4.6.2 version)
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procedure testFsync()
for file = file0; file <= file9; file++ do
flidx] = open(file, O_RDWR, O_CREATE);
Iseek(f[idx], 0, SEEK_END);
write(f[idx], buf, 3 * 1024);
if file == file9
fsync(flidx]);
close(flidx]);
end for
end procedure

Y 8 HAE T3 oAlmE
Fig. 8 Pseudo-code of the test program
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tof 8txte] otol=Ert XFE IF 09 IF tl&A
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0.000011188 D WS 187310104 + 8 [fsync]

0.000195809 D WS 216670728 + 40 [jbd2/sda5-8]
0.001254168 D WS 216670768 + 8 [swapper/0] @
30.003263883 D W 187306096 + 8 [flush-8:0]
30.003337075 D W 187306104 + 8 [flush-8:0]
30.003419284 D W 187320256 + 8 [flush-8:0]
30.003513664 D W 187320264 + 16 [flush-8:0] ®
30.003608259 D W 187320280 + 24 [flush-8:0]
30.003752944 D W 187320312 + 8 [flush—8:0]

35.195248762 D WS 216670776 + 40 [jbd2/sda5-8]

©

35.196295633 D WS 216670816 + 8 [swapper/0] &)
65.203244067 D W 187044104 + 16 [flush-8:0]
65.203303967 D W 187035656 + 8 [flush—8:0] ®

65.203443859 D W 187043856 + 8 [flush—8:0]

4.2.2 non-allocating write()
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19.867466200 D WS 187310104 + 8 [fsync] ©)
19.867663429 D WS 187320312 + 8 [jbd2/sda5-8]
19.867723537 D WS 187320296 + 8 [jbd2/sda5-8] @
19.867855738 D WS 187320256 + 40 [jbd2/sda5-8]
19.868121285 D WS 187306096 + 16 [jbd2/sda5-8]
19.867959390 D WS 216670824 + 24 [jbd2/sda5-8] ®
19.869192579 D WS 216670848 + 8 [swapper/0]
54.859238145 D W 187044104 + 16 [flush-8:0] @
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164.246733939 D WS 187326472 + 8 [fsync] @

164.246907477 D WS 216658232 + 24 [jbd2/sda5-8]
164.247915597 D WS 216658256 + 8 [swapper/0]
194.249682731 D W 187306088 + 8 [flush—8:0]
194.249753298 D W 187306096 + 8 [flush—8:0]
194.249848189 D W 187306104 + 40 [flush—8:0] ®
194.249953993 D W 187306144 + 16 [swapper/0]
D
D

194.250145763 D W 187044104 + 16 [swapper/0]
WS 216658264 + 8 [swapper/0] @
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